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© MOS type field effect transistor formed on a semiconductor layer on an insulator substrate. 



® A SOI-MOSFET formed on a thin semiconductor 
layer (3) having a thickness not more than 1500A 
includes a charge carrier absorbing region (9a, 9b, 
9c) contacting with at least a portion of the bottom of 
a channel region (6) of a first conductivity type and 
with at least a portion of the bottom of a source 

a region (7, 7a) of a second conductivity type. The 
carrier absorbing region (9a, 9b. 9c) absorbs excess 
CO carriers of the first conductivity type contained in the 

55 channel region (6). 
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MOS Type Field Effect Transistor Formed on a Semiconductor Layer on an insulator Substrate 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to a MOS (Metal Oxide 
Semiconductor) type field effect transistor formed 
on a semiconductor layer on an insulator substrate, 
referred to hereinafter as SOI-MOSFET, and more 
particularly, to an improvement in the source to 
drain voltage withstand characteristics of SOI-MOS- 
FET devices. 



Description of the Related Art 

Referring to Fig. 8, there is shown a conven- 
tional SOI-MOSFET in a cross section. An insulator 
layer 2 is formed on a silicon substrate 1 and a 
silicon layer 3 is formed on the insulator layer. A 
channel region 6 containing p-type impurities at a 
low concentration of, for example, 10 16 -10 17 
atoms/cm 3 , is formed within the silicon layer 3, 
while a source region7 and a drain region 8, both 
having high n-type impurity concentration of, for 
example, lO^-lO 21 atoms/cm 3 , are formed in con- 
tact wfth one side and the other side of the channel 
region 6, respectively. 

On the channel region 6, a dielectric thin film 4 
acting as a gate is formed, and a gate electrode 5 
is formed on the dielectric thin film 4. The silicon 
layer 3 and the gate electrode 5 are covered by an 
interlayer insulating film 11. Contact holes 12a, 12b 
are formed in the interlayer insulating film 11, and 
electrical conductors 13a, 13b are formed in regis- 
ter with these contact holes. 

In the above described SOI-MOSFET, when a 
positive voltage is applied to the gate electrode 5, 
n-conductivity type carriers or electrons are at- 
tracted towards an upper portion of the p-type 
channel region 6. The conductivity type of this 
upper portion is inverted to n-type which is the 
same as the conductivity type of the source region 
7 and the drain region 8. Thus the current is 
allowed to flow between the source region 7 and 
the drain region 8. Inasmuch as the n-type carriers 
attracted towards the upper portion of the channel 
region 6 are changed in concentration with the gate 
voltage, the amount of the current flowing through 
the channel region 6 may be controlled by the gate 
voltage. The above is the operating principle of 
both the conventional MOSFET and SOI-MOSFET. 

As schematically illustrated in Fig. 9, when the 
drain voltage is increased in a SOI-MOSFET 
formed on a silicon layer 3 having a larger thick- 



ness of about 5000 A, a depletion layer (shown by a 
broken line) in the vicinity of the drain 8 is ex- 
tended toward the source 7 particularly in a deeper 
region where it is difficult to control the potential by 

5 the gate electrode. When the depletion layer 
reaches and is combined with another depletion 
layer (also shown by another broken line) formed in 
the vicinity of the source 7, there occurs a phe- 
nomenon known as the punch-through phenom- 

w enon. in which the electrical .barrier between the 
source 7 and the channel is lowered and the poten- 
tial at the deeper region that cannot be controlled 
by the gate electrode is increased so that the 
channel current is increased suddenly. The punch- 

75 through of carriers is shown by an arrow in Fig. 9 
and this may lower the source to drain withstand 
voltage characteristics. 

Also, when a high voltage is applied across the 
source and the drain, the carriers are accelerated 

20 to a higher velocity within the channel region 6. 
With these carriers accelerated within the channel 
region 6, electron and positive hole pairs are pro- 
duced in the vicinity of the drain region 8 due to 
ionization by collision which can occur at voltages 

25 which may be less than voltages at which the 
punch-through effect occurs. The electrons thus 
produced flow into an* type drain region 8. As 
schematically illustrated in Fig. 10, in case of a 
conventional MOSFET formed on a bulky silicon 

30 substrate 3a, the produced positive holes can be 
removed through a substrate electrode to the 
ground. In a SOI-MOSFET, however, since the 
positive holes are stored in the channel region 6 
formed on the insulator 2 and thus raise the poten- 

35 tial of the channel region in normal operation, when 
excess holes are generated by ionization, the po- 
tential of the channel region and the channel cur- 
rent are further increased to produce undesirable 
kink effect on a curve representing the relation 

40 between the drain voltage and the drain current. 
Fig. 11 shows examples such kinks on curves 
representing the relation between the drain voltage 
Vq and the drain current l D . where arrows directing 
downward indicate the kink effect and arrows di- 

45 recti ng upward indicate the punch-through phe- 
nomenon. This kink effect is discussed for in. for 
example, IEEE Electron Device Letter. Vol. 9, No. 
2, pp. 97-99, 1988. 

On the other hand, as also discussed in this 

50 article, the thin film SOI-MOSFET having an ex- 
tremely thin silicon layer 3 with, for example, 500- 
1500A has superior properties as compared with 
the usual SOI-MOSFET having a thicker silicon 
layer 3. For example, its thin channel region 6 is 
turned as a whole into a depletion layer, upon 
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application of a voltage to the gate electrode 5, 
while the potential is controlled by the gate elec- 
trode, so that the aforementioned- punch-through 
phenomenon in the deeper layer of the channel 
region and the kink effect are eliminated. Also the 
short channel effect, in which the gate threshold 
voltage is unusually lowered in case of a shorter 
gate length, is also reduced, since the depletion 
layer controlled by the gate will extend for the 
entire depth of the thin channel region. 

However, when the channel region 6 as a 
whole is turned into a depletion layer, the potential 
within the channel region 6 becomes higher than in 
the case of the conventional MOSFET. Thus the 
electrical barrier between the source region 7 and 
the channel region 6 and. hence, the threshold of 
the transistor is lowered. Moreover, when the posi- 
tive holes produced by the aforementioned ioniza- 
tion upon collision are stored temporarily in the 
channel region 6. the potential within the channel 
region 6 is increased further so that electrons are 
introduced abruptly from the source region 7 into 
the channel region 6. That is, the breakdown volt- 
age characteristics between the source and the 
drain is inconveniently lowered even in the thin film 
SOI-MOSFET. 

SUMMARY OF THE INVENTION 

In view of the above described disadvantages 
of the prior art, it is an object of the present 
invention to provide a SOI-MOSFET in which the 
source to drain voltage withstand characteristics 
are improved. 

Another object of the present invention is to 
provide a SOI-MOSFET in which the entire channel 
region can surely be controlled by the gate elec- 
trode. 

According to an aspect of the present inven- 
tion, a SOI-MOSFET comprises, source and drain 
regions formed of respective impurity regions of a 
first type in a thin semiconductor layer deposited 
not more than 1500A in thickness on an insulator, a 
channel region having a predetermined impurity 
concentration of a second type in the thin semicon- 
ductor layer between the source region and the 
drain region, a gate electrode positioned adjacent 
the channel region and separated from the semi- 
conductor layer by an insulator layer deposited on 
the semiconductor layer, and at least one carrier 
storage region having an impurity concentration of 
the second type higher than the impurity con- 
centration of the channel region whereby excess 
carriers of the second type are removed from the 
channel region into the carrier storage region. 

According to another aspect of the present 
invention, a SOI-MOSFET comprises, instead of 



the carrier storage region, a crystal defect region 
having crystal defects whereby excess carriers of 
the second type are removed from the channel 
region into the crystal defect region. 
5 The foregoing and other objects, features, as- 

pects and advantages of the present invention will 
become . more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

70 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a thin film 
75 SOI-MOSFET according to an embodiment of the 
present invention. 

Fig. 2 is a sectional view showing another 
embodiment of the present invention. 

Figs. 3A to 3E are sectional views for illus- 
20 trating the structure and the manufacture method 
for the thin film SOI-MOSFET according to a modi- 
fication of the present invention. 

Figs. 4 to 7 are sectional view showing a 
further modification. 
25 Fig. 8 is a sectional view showing a conven- 

tional SOI-MOSFET. 

Fig. 9 is a sectional view illustrating the 
punch-through phenomenon in a conventional SOI- 
MOSFET. 

30 Fig. 10 is a sectional view of a conventional 

MOSFET on a bulky semiconductor substrate. 

Fig. 11 is a diagram indicating the kink ef- 
fect. 

35 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Fig. 1, a thin film SOI-MOSFET 
according to an embodiment of the present inven- 

40 tion is shown in cross section. An insulating layer 2 
is formed on a silicon substrate 1 , and an island of 
a silicon thin film 3 having a thickness of about 
500-1 500A is formed on the insulating layer 2. A 
channel region 6 having a low concentration of P- 

45 type impurities of, for example, 10 16 to 10 17 
atoms/cm 3 , is formed within the silicon layer 3. A 
source region 7 and a drain region 8 each having a 
high concentration of N-type impurities of. for ex- 
ample, 10 19 to 10 21 atoms/cm 3 , are formed in the 

so upper layer of the silicon layer 3 in contact with 
one side and the other side of the channel region 
6, respectively. Below the source region 7 and the 
drain region 8, carrier storage regions 9a and 10a 
each containing impurities, such as boron, at a high 

55 concentration of, for example, 10 17 to 10 19 
atoms/cm 3 , are formed so as to be in contact with 
the channel layer 6. 

A dielectric thin film 4 acting as a gate is 
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formed on the channel region 6, and a gate elec- 
trode 5 is formed on the dielectric thin film 4. The 
silicon layer 3 and the gate electrode 5 are covered 
by an interlayer insulating film 11. Contact holes 
12a, 12b are formed in the interlayer insulating film 
11 and electric conductors 13a, 13b are formed in 
register with the contact holes. 

In order that a depletion layer controlled by the 
gate electrode may extend for the entire depth of 
the channel region 6 having an impurity concentra- 
tion of 10 16 to 10 17 atoms/cm 3 , the thickness of the 
silicon film 3 must be thinner than 1500A. 

It is noted that the source region 7 and the 
drain region 8 forming the upper region of the 
silicon layer 3 may be formed in a self-aligning 
fashion by injecting n-type impurities by ion im- 
plantation to a shallow depth at lower energies 
using the gate electrode 5 as the mask. Similarly, 
the carrier storage regions 9a and 10a forming the 
lower region of the silicon layer 3 may be formed 
easily by injecting p-type impurities by ion im- 
plantation to a deeper depth at higher energies. 

in the thin film SOI-MOSFET of Fig. 1, even 
when the excess positive holes are produced in the 
channel region 6 by ionization upon collision, ex- 
cess positive holes will flow from the thin channel 
region 6, which is turned in its entirety into a 
depletion layer by the gate voltage and thereby 
increased in electrical potential, into the carrier 
storage regions 9a, 10a, having lower electrical 
potentials. Thus the excess positive holes pro- 
duced by ionization upon collision are not stored in 
the channel region 6 so that the amount of the 
electrons to be injected from the source region 7 
into the channel region 6 is not increased abruptly. 
The result is the improved source to drain with- 
stand voltage properties of the thin film SOI-MOS- 
FET. 

On the other hand, in a usual SOI-MOSFET 
formed on a silicon layer having a larger thickness 
of about 5000 A, the punch-through phenomenon 
and the kink effect may still occur. In the Japanese 
Patent Laying Open No. 193170/1987 and No. 
193171/1987, there is disclosed a structure of the 
usual SOI-MOSFET having a silicon layer about 
5000A thick which is similar to the SOI-MOSFET 
shown in Fig. 1. However, the Japanese Patent 
Laying Open No. 193170/1987 and No. 
193171/1987 are aimed to prevent the back chan- 
nel from being produced in the boundary region 
between the insulator substrate and the silicon lay- 
er. Flow of carriers in the back channel can not be 
controlled by the gate voltage, because the back 
channel is far from the gate electrode in the usual 
SOI-MOSFET. In the thin film SOI-MOSFET, how- 
ever, the back channel can also controlled by the 
gate voltage, because the distance between the 
back channel and the gage electrode is small. 



Referring to Fig. 2 t a thin film SOI-MOSFET 
according to another embodiment of the present 
invention is shown in cross section. Although the 
thin film SOI-MOSFET of Fig. 2 is similar to that 
5 shown in Fig. 1, the carrier storage region 9a is 
formed only below the source region 7, in the 
embodiment of Fig. 2, while the drain region ex- 
tend to the bottom of the silicon layer 3. 

Into the upper portions of the source region 7 
70 and the drain region 8, n-type impurities are in- 
jected by ion implantation at lower energies to a 
higher concentration of, for example, 10 19 to 10 21 
atoms/cm 3 , using the gate electrode 5 as a mask. 
Then, for forming the tower layer portion of the 
75 drain region 8, n-type impurities are injected by ion 
implantation at higher energies to a lower con- 
centration of, for example, 10 17 atoms/cm 3 . Then, 
after the drain region 8 is covered by a resist 
mask, p-type impurities are injected into a layer 
20 below the source region 7 by ion implantation at 
higher energies to a higher concentration of, for 
example, 10 17 to 10 13 atoms/cm 3 . In this manner, 
the silicon layer 3 having the structure shown in 
Fig. 2 is formed. 
25 - In the thin SOI-MOSFET of Fig. 2, the drain 
region containing n-type impurities at a higher con- 
centration is not contacted directly with the carrier 
storage regions containing p-type impurities at a 
higher concentration, so that there is no risk that 
30 the source to drain withstand voltage characteris- 
tics be lowered due to deterioration in the pn 
junction withstand voltage of the drain 8. 

Figs. 3A to 3E are cross sectional views for 
illustrating the structure and the manufacturing 
35 method for the SOI-MOSFET according to a further 
embodiment of the present invention. 

Referring to Fig. 3A, an insulating layer 3 is 
formed on a silicon substrate 1 , and an island of a 
silicon thin film 3 containing p-type impurities at a 
40 lower concentration of, for example, 10 1S to 10 17 
atoms/cm 3 is formed on the insulating layer 2. This 
island 3 of the silicon thin film is electrically sepa- 
rated from other islands* not shown. 

Referring to Fig. 3B, a thin dielectric film 4 
45 acting as a gate is formed on the silicon layer 3, 
and a gate electrode 5 is formed on the dielectric 
thin film 4. Then, carrier storage regions 9b, 10b 
containing impurities at higher concentration of, for 
example, 10 17 to 10 19 atoms/cm 3 , are formed by 
so injecting p-type impurities 17a, such as boron, into 
the lower layer portion of the silicon layer 3 by ion 
implantation using the gate electrode 5 as a mask. 

Referring to Fig. 3C, an additional source re- 
gion 7a and an additional drain 8a, each containing 
55 impurities at a medium concentration of for exam- 
ple, 10 17 to 10 18 atoms/cm 3 , are formed by inject- 
ing n-type impurities 18, such as phosphorus, into 
the upper layer portion of the silicon layer 3, simi- 
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larly using the gate electrode 5 as a mask. 

Referring to Rg. 3D a silicon oxide film is 
deposited to a predetermined thickness (not 
shown) by chemical vapor deposition (CVD), so as 
to cover the silicon layer 3 and the gate electrode 
5. The deposited oxide film is subjected to a reac- 
tion ion etching to form an insulator side wall 14 on 
the sidewall of the gate electrode 5. Then, a source 
region 7 and a drain region 8 containing impurities 
at a higher concentration* of, for example, 10 19 to 
10 21 atoms/cm 3 , are formed by injecting n-type 
impurities 17b, such as arsenic, for the entire thick- 
ness of the silicon layer 3. using the gate electrode 
5 and the insulator wall 14 as a mask. 

Referring to Rg. 3E, an interlayer insulating 
film 11 is formed for covering the silicon layer 3 
and the gate electrode 5. Contact holes 12a, 12b 
are formed in the insulating layer 1 1 , and electrical 
conductors 13a. 13b are formed in register with 
these contact holes to complete the thin film SOl- 
MOSFET. 

The thin film SOl-MOSFET of Rg. 3E is pro- 
vided not only with the carrier storage regions 9b, 
10b, but with an additional lightly doped drain 
(LDD) 8a. The LDD 8a operates to weaken or relax 
the electrical field in the vicinity of the drain, so 
that it acts to decrease the ionization upon collision 
which might otherwise produce excess positive 
holes within the channel region 6. The LDD 8a also 
acts for preventing the drain junction withstand 
voltage caused by the presence of the carrier stor- 
age region 10b containing the p-type impurities at 
a higher concentration from being decreased. Thus 
the carrier storage regions 9, 10b are built into the 
thin film SOl-MOSFET along with the additional LD 
source region 7a and the additional LD drain region 
8a for further improving the source to drain with- 
stand voltage characteristics. 

It will be appreciated to those skilled in the art 
that the carrier storage regions 9b and 10b may 
also extend into the lower portion of the source 
region 7 and into the lower portion of the drain 
region 8, respectively. 

Referring to Rg. 4, a thin film SOl-MOSFET 
according to a further embodiment of the present 
invention is shown in cross section. Although the 
thin film SOl-MOSFET of Rg. 4 is similar to that 
shown in Fig. 3E, the carrier storage region 9b is 
provided in Rg. 4 only below the additional source 
region 7a while no carrier storage region is pro- 
vided below the additional LD drain region 8a. 
Hence, in the thin film SOl-MOSFET of Rg. 4, 
there is no risk of deterioration of the drain junction 
withstand voltage. 

Referring to Fig. 5, a thin film SOl-MOSFET 
according to a still further embodiment of the 
present invention is shown in cross section. Al- 
though the thin film SOl-MOSFET of Fig. 5 is 



similar to that shown in Rg. 4, an insulator wall 14 
is provided in Fig. 5, while titanium silicide layers 
10a and 20b. each having a non-uniform thickness, 
are formed in a self-adjusting fashion from the 
s upper surfaces of the source region 7 and the drain 
region 8. The thickness of the titanium silicide layer 
may be made non-uniform by heat treatment. 

This non-uniform titanium silicide layer 20a ex- 
tends locally to the depth of the carrier storage 
jo region 9a. Thus the excess positive holes stored in 
the carrier storage region 9a may be removed via 
the titanium silicide layer 20 and the conductor 
13a. As a result, the excess positive holes pro- 
duced by ionization upon collision may be removed 
is more efficiently and promptly from the channel 
region 6 for further improving the source to drain 
withstand voltage characteristics. The titanium sili- 
cide layers 20a and 20b are also effective in im- 
proving the electrical conductivity of the source 
20 region 7 and the drain region 8. respectively. 

It will be appreciated to those skilled in the art 
. that, when the gate electrode 5 is formed of poly- 
silicon, the titanium silicide layer may also be 
formed on the upper surface of the gate electrode 
25 5 for improving the electrical conductivity of the 
gate electrode. 

Referring to Fig. 6, a thin film SOl-MOSFET 
according to a still another embodiment of. the 
present invention is shown in cross section. Al- 
so though the thin film SOl-MOSFET of Fig. 6 is 
similar to that shown in Rg. 5, alloy spikes 21a and 
21b are formed in Rg. 6 instead of the titanium 
silicide layers 20a and 20b, respectively. When the 
conductors 13a. 13b are formed of aluminum, the 
35 latter may be reacted with the silicon layer 3 to 
produce the alloy spikes 21 a and 21b below these 
conductors. In this case, too. the carrier storage 
region 9a is electrically connected via alloy spike 
21a to the conductor 13a, so that the excess posi- 
40 tive holes stored in the carrier storage region 9a 
may be eliminated. 

It will be noted that, in Figs. 5 and 6, no carrier 
storage region is provided below the drain region 8, 
so that there is no risk of destruction of the drain 
45 junction by the titanium silicide layer 10b of non- 
uniform thickness or by the alloy spikes 21b. 

For removing excess positive holes stored in 
the carrier storage region 9a, the contact hole 12a 
may be over-etched for directly connecting the 
so conductor 13a to both the carrier storage region 9a 
and the source region 7. 

Referring to Rg. 7, a thin film SOl-MOSFET 
according to a still further embodiment of the 
present invention is shown in cross section. Al- 
55 though the thin film SOl-MOSFET of Rg. 7 is 
similar to that shown in Rg. 2, a crystal defect 
region 9c containing crystal defects introduced 
therein is provided in place of the carrier storage 
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region 9a and in the vicinity of the source region 7 
at the lower portions of the source region 7 and the 
channel region 6. Such defect region 9c may be 
formed by ion Implantation of silicon or oxygen, 
focused ion beam (FIB) or by laser beam irradia- 
tion, using, for example, a resist pattern as the 
mask. 

In the thin film SOI-MOSFET of Fig. 7, when 
excess positive holes are produced within the 
channel region 6 by ionization upon collision, these 
positive holes disappear by recombination with the 
electrons in the defect region 9c. Hence, no excess 
positive holes are stored in the channel region 6, 
resulting in improved drain resistance voltage char- 
acteristics. 

However, the defect region 9c must not be 
formed to extend to the depletion layer formed in 
the vicinity of the boundary between the channel 
region 6 and the drain region 8. It is because 
otherwise a large amount of the leakage current will 
flow from the depletion layer through the crystal 
defects so that the transistor is made inoperative. 
However, formation of the defect region 9c across 
the boundary of the source region 7 and the chan- 
nel region 6 does not present a disadvantage since 
the semiconductor junction is biased forward. Of 
course, the defect region 9c may be formed with- 
out extending into the source region 7. It is, how- 
ever, preferred that the defect region 9c does not 
extend to the upper layer portion of the channel 
region 6 since, if the defect region extends to the 
channef region through which the carriers flow, the 
carrier mobility may be lowered to lower the cur- 
rent driving capabilities of the transistor. 

It is noted that the defect region 9c formed at 
the lower layer portion of the silicon layer 3 gives 
rise to the effect of gettering, for example, atoms of 
impurity metals, so that the crystallinity of the 
upper layer portion of the silicon layer 3 is im- 
proved. 

The defect region 9c is also useful for a SOI- 
MOSFET having a silicon layer with a thickness of 
5000 A and contributes to prevention of the afore- 
mentioned kinking effects. 

Although the foregoing similar embodiments 
have been explained with respect to the n channel 
SOI-MOSFET, it will be apparent to those skilled in 
the art that the present invention may also be 
applied to a p-type SOI MOSFET, and that the 
silicon layer 3 may also be replaced by other 
semiconductor layers. 

It will be appreciated from the foregoing that 
the present invention provides a thin film SOI- 
MOSFET in which the carrier storage regions or 
the crystal direct region is provided for eliminating 
excess carriers of the same conductivity type as 
that of the channel region from the channel region 
thereby improving the source to drain resistant 



voltage characteristics. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
5 example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only, by the terms of the appen- 
ded claims. 

w 

Claims 

1. A SOI-MOSFET comprising in combination, 
source and drain regions (7, 7a; 8, 8a) formed of 

75 respective impurity regions of a first type in a thin 
semiconductor layer (3) deposited not more than 
1500A in thickness on an insulator (2), 
a channel region (6) having a predetermined impu- 
rity concentration of a second type in said thin 

20 semiconductor layer (6) between said source re- 
gion (7, 7a) and said drain region (8, 8a), 
a gate electrode (5) positioned adjacent said chan- 
nel region (6) and separated from said semicon- 
ductor layer (3) by an insulator layer (4) deposited 

25 on said semiconductor layer (3), and 

at least one carrier storage region (9a, 9b) having 
an impurity concentration of the second type high- 
er than the impurity concentration of said channel 
region (8) whereby excess carriers of the second 

30 type are removed from said channel region (6) into 
said carrier storage region (9a, 9b). 

2. A SOI-MOSFET according to claim 1, 
wherein said carrier storage region (9a, 9b) are 
formed in said semiconductor layer (3) in contact 

35 with at least a portion of the bottom of said channel 
region (6) and with at least a portion of the bottom 
of said source region (7, 7a). 

3. A SOI-MOSFET according to claim 2, further 
comprising a second carrier storage region (10a, 

40. 10b) formed in said semiconductor layer (3) in 
contact with at least a portion of the bottom of said 
channel region (6) and with at least a portion of the 
bottom of said drain regions (8, 8a). 

4. A SOI-MOSFET according to claim 2, further 
45 comprising a metal silicide layer (20a) formed on 

said source region (7) and having a non-uniform 
depth, said silicide layer (20a) being of such a 
depths that said layer is passed locally through 
said source region (7) to reach said carrier storage 
so region (9a). 

5. A SOI-MOSFET according to claim 2, further 
comprising an aluminum layer (21a) formed on said 
source region (7), said aluminum layer including 
alloy spikes locally passing through said source 

55 region (7) to reach said carrier storage region (9a). 

6. A SOI-MOSFET comprising in combination, 
source and drain regions (7, 7a; 8, 8a) formed of 
respective impurity regions of a first type in a thin 
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semiconductor layer (3) deposited not more than 
15Q0A in thickness on an insulator (2), said drain 
region (8. 8a) including a lightly doped drain (8a). 
a channel region (6) having a predetermined impu- 
rity concentration of a second type in said thin 
semiconductor layer (6) between said source re- 
gion (7, 7a) and said drain region (8, 8a), 
a gate electrode (5) positioned adjacent said chan- 
nel region (6) and separated from said semicon- 
ductor layer (3) by an insulator layer (4) deposited 
on said semiconductor layer (3), and 
at least one carrier storage region (9a, 9b) having 
an impurity concentration of the second type high- 
er than the impurity concentration of said channel 
region (6) whereby excess carriers of the second 
type are removed from said channel region (6) into 
said carrier storage region (9a, 9b). 

7. A SOI-MOSFET according to claim 6, 
wherein said source, region (7, 7a) includes a lightly 
doped source (7a). 

8. A SOI-MOSFET according to claim 7, 
wherein said carrier storage region (9b) is formed 
beneath said lightly doped source (7a). 

9. A SOI-MOSFET according to claim 8, further 
comprising a second carrier storage region (10b) 
formed beneath said lightly doped drain (8a). 

10. A SOI-MOSFET comprising in combination, 
source and drain regions (7, 7a; 8, 8a) formed of 
respective impurity regions of a first type in a thin 
semiconductor layer (3) deposited not more than 
1500 A in thickness on an insulator (2), 

a channel region (6) having a predetermined impu- 
rity concentration of a second type in said thin 
semiconductor layer (6) between said source re- 
gion (7, 7a) and said drain region (8, 8a), 
a gate electrode (5) positioned adjacent said chan- 
nel region (6) and separated from said semicon- 
ductor layer (3) by an insulator layer (4) deposited 
on said semiconductor layer (3), and 
a crystal defect region (9c) having crystal defects 
whereby excess carriers of the second type are 
removed from said channel region (6) into said 
crystal defect region (9c). 

11. A SOI-MOSFET according to claim 10, 
wherein said crystal defect region (9c) is formed in 
at least said channel region (6) at a lower layer 
portion in the vicinity of said source region (7, 7a). 

12. A SOI-MOSFET according to claim 11, 
wherein said crystal defect region (9c) extend into 
a lower layer portion of said source region (7, 7a). 

13. A MOSFET having: a source (7); a drain 
(8); and a channel-forming region (6) extending 
therebetween; characterised by: 

carrier sink means (9a; 9b; 9c) disposed adjacent 
to both the channel-forming region (6) and the 
source (7), and being so arranged for receiving 
excess carriers, which excess carriers would in the 
absence of said carrier sink means reduce source 



to drain withstand voltage. 

14. A MOSFET, as claimed in claim 13, 
wherein the source (7). the drain (8), and the 
channel-forming region (6). are formed in a single 

s semiconductor layer (3) that is supported upon the 
surface of an insulator (1 ). 

15. A MOSFET, as claimed in claim 14, 
wherein said single semiconductor layer (3) is suffi- 
ciently thin that said channel-forming region (6) is 

io fully depletable, the entirety thereof thus providing 
in use a source-to-drain channel of the MOSFET. 
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